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OPTICAL HYBRID MODULE AND MANUFACTURING METHOD THEREOF 

CLAIM OF PRIORITY 

This application claims priority to an application entitled "OPTICAL HYBRID 
MODULE AND MANUFACTURING METHOD THEREOF," filed in the Korean 
5 Intellectual Property Office on June 9, 2003 and assigned Serial No. 2003-36716, the 
contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an optical hybrid module comprising a plurality 
10 of optical devices integrated on an optical waveguide substrate. More particularly, the 
present invention relates to an optical hybrid module and a manufacturing method 
thereof for reducing optical crosstalk between a plurality of optical devices caused by 
reflections and leakage of light within the optical hybrid module. 

2. Description of the Related Art 

15 There has been an increased need for bi-directional optical transmission and 

reception systems in the recent past. As a result, there also has been an increase in the 
needs for optical transmitter/receiver modules. The manufacture of such an optical 
transmitter/receiver module normally requires a plurality of optical devices, such as an 
optical source, a photodetector and an optical waveguide. Although optical modules 
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can be manufactured by independent assembly of the plurality of optical devices, 
respectively, it is less competitive in the view of cost and size of products. Therefore, it 
is preferable to construct an integrated type optical transmitter/receiver module. 

With regard to techniques for achieving the integration of the optical module, a 
5 great deal of use has been conducted with a hybrid integrated optical module. This 
type of module is one in which an active device, such as an optical transmitter/receiver, 
and a passive device, such as a wavelength division multiplexer, constitute hybrid 
integrated devices on an optical waveguide substrate. 

Fig. 1 is a view illustrating one exemplary construction of an optical hybrid 
10 module of the prior art. This prior art optical hybrid module comprises a multi-layer 
thin film filter 11 vertically inserted in a substrate 12. The multi-layer thin film filter 
1 1 serves to separate two lights having different wavelengths, wherein the lights enter 
through optical fiber 13 and are emitted from optical source 14. 

Referring to Fig. 1, certain optical signals having a specific wavelength XI enter 
15 through the optical fiber 13, and these optical signals reach the multi-layer thin film 
filter 11 located at the opposite side to the optical fiber 13 by being guided through a 
first optical waveguide formed at the substrate 12. The multi-layer thin film filter 1 1 is 
adapted to r eflect o nly as pecific w avelength A 2. I f the w avelength M o f the 1 ight 
entering through the optical fiber 13 is different from that of the reflection wavelength 
20 A2, the light with a wavelength Al is transmitted through the multi-layer thin film filter 
11, so as to reach photodetector 1 5, (such as a photodiode). 

On the other hand, the light emitted from an optical source, such as a laser 
diode, which light has the wavelength X2 difference from the light that already entered 
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through the optical fiber 13, enters a second optical waveguide and is guided there 
through. The guided light, however, is reflected by tiie multi-layer thin film filter 1 1 
because the wavelength \2 is the reflection wavelength of the filter 11, thereby exiting 
to the outside through the optical fiber 13. 
5 The prior art optical hybrid module described above has a disadvantage in that 

light produced fi-om a light emitting device is leaked or reflected, thereby ineffectively 
transmitting to a light receiving device. This inefficiency causes crosstalk of optical 
signals. 

Fig. 2 illustrates another exemplary construction of a prior art optical hybrid 
10 module, which was created with the goal of eliminating the above disadvantage of 
crosstalk. In accordance with the illustrated construction, the optical module is of a 
type wherein an optical waveguide core portion 22 and cladding portion 23 are formed 
on a substrate 21, and a light emitting device and a light receiving device 26 are 
disposed thereon. Fig. 2 also enlarged the view regarding where the light receiving 
1 5 device 26 is mounted. In Fig. 2, reference numeral 24 indicates a portion provided with 
electrical wiring and a solder layer for mounting the light receiving device 26, and 
other hatched portions are those on which a light blocking layer 25 is formed. The light 
blocking layer 25 is made of a metal film. As the light blocking layer 25 is provided 
around the light emitting device and light receiving device 26, it is possible to prevent 
20 light from entering the light receiving device 26 from lower and lateral portions of the 
light receiving device 26. 

The optical module of the prior art shown in Fig. 2 has a vertical surface at a 
region where it is optically coupled with the light receiving device, that is, at a region 
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including the optical waveguide core portion. But, it is actually very difficult to form 
the light blocking layer at such a vertical surface. Thus, the optical module as shown in 
Fig. 2 above is a hypothetical structure that, when considered from a manufacturing 
viewpoint, is virtually impossible to realize. 

5 SUMMARY OF THE INVENTION 



Therefore, the present invention has been made at least with regard to 
overcoming one or more of the above-mentioned problems of the prior art. It is also 
an object of the present invention to provide an optical hybrid module and a 
manufacturing method thereof that enables mass production of optical hybrid modules 

10 that minimizes crosstalk of optical signals resulting from leakage of light. The leakage 
is primarily from an optical source entering a light receiving device during optical 
coupling between an optical semiconductor device and an optical waveguide. 

In accordance with a first aspect of the present invention, the above and other 
objects can be accomplished by the provision of an optical hybrid module comprising: 

15 a substrate; an optical waveguide formed on the substrate for performing transmission 
of optical signals; a plurality of optical devices mounted on the substrate to be optically 
coupled with the optical waveguide; and a light blocking layer formed to have an 
inclined profile at opposite sides of an end surface of an optical coupling portion 
centrally provided in the optical waveguide, thereby serving to prevent light fi*om 

20 entering the optical devices, through regions other than the optical waveguide. 

It is preferable that the end surface of the optical coupling portion centrally 
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provided in the optical waveguide may be formed to have a groove relative to the light 
blocking layer, or it can protrude relative to the light blocking layer. 

It is also preferable that the light blocking layer may be formed over a surface 
of the optical waveguide, except for the optical coupling p ortion, and over a whole 
5 surface of the substrate. 

In accordance with another aspect of the present invention, there is provided a 
method of manufacturing an optical hybrid module comprising the steps of: (a) 
forming an optical waveguide on a substrate: (b) patterning a hard etching mask for 
forming a vertical end surface on a region of the optical waveguide including an optical 
10 coupling portion; (c) patterning inclined masks for forming inclined end surfaces on 
regions not formed with the hard etching mask at opposite sides of the region including 
the optical coupling portion; (d) etching the optical waveguide under the hard etching 
mask and inclined masks; and (e) forming a light blocking layer on the inclined end 
surfaces of the optical waveguide, except for the vertical end surface of the region 
1 5 including at least the optical coupling portion, and on the substrate. 

With regard to the above-recited method, step (c) may be performed by a 
grayscale lithography process. 

In addition, it is also preferable that the light blocking layer be formed over a 
whole surface of the optical waveguide, except for the optical coupling portion, and 
20 over a whole surface of the substrate. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other advantages of the present 
invention will be more clearly understood from the following detailed description taken 
in conjunction with the accompanying drawings, in which: 
5 Fig. 1 is a view illustrating one exemplary construction of an embodiment of 

an optical hybrid module of the prior art; 

Fig. 2 is a view illustrating another exemplary construction of yet another 
embodiment of an optical hybrid module of the prior art; 

Fig. 3 is a view illustrating the construction of an optical hybrid module 
1 0 according to one embodiment of the present invention; 

Fig. 4 is a view illustrating the construction of an optical hybrid module 
according to another embodiment of the present invention; 

Fig. 5 is a view illustrating positions of masks in the manufacture of the 
optical hybrid module shown in Fig. 4; 
15 Fig. 6 is a view illustrating positions of masks in the manufacture of the 

optical hybrid module shown in Fig. 3; 

Fig. 7a is a perspective view illustrating the construction of an optical hybrid 
module of the present invention; and 

Fig. 7b is a side view illustrating the movement path of reflected light in the 
20 optical hybrid module shown in Fig. 7a. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred aspects of the present invention will be described in detail with 
reference to the annexed drawings. In the drawings, the same or similar elements are 
denoted by the same reference numerals even though they are depicted in different 
5 drawings. For the purposes of clarity and simplicity, a detailed description of known 
functions and configurations incorporated herein will be omitted as it may serve to 
obscure the subject matter of the present invention rather than clarify. Also, the terms 
used in the following description are terms defined taking into consideration the 
functions obtained in accordance with the present invention. The definitions of these 
10 terms should be determined based on the whole content of this specification because it 
may be changed in accordance with the desire of a user or chip designer or a usual 
practice. 

Fig. 3 is a view illustrating the construction of an optical hybrid module 
according to a first aspect of the present invention. For the purpose of explaining an 
1 5 implementation principle of the present invention, Fig. 3 illustrates only a portion of the 
optical hybrid module, including an end surface of an optical coupling portion centrally 
provided in an optical waveguide. 

Referring to Fig. 3, the optical hybrid module of the present invention 
comprises a substrate 31, and an optical waveguide 30 arranged over at least a portion 
20 of the substrate, a light blocking layer 34 and a light receiving device 35 subsequently 
mounted on the substrate 3 1 . 

As also shown in Fig, 3, the optical waveguide 30 comprises a core portion 32 
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for performing transmission of optical signals, and a cladding portion 33 surrounding 
the c ore p ortion 3 2 . The o ptical waveguide 3 0 f urther includes a n o ptical c oupling 
portion O to be optically coupled with the light receiving device 35, which may be a 
device such as a photodiode (PD). The optical waveguide 30 also has an end surface 
5 having a structure perpendicular to the substrate 31 at a region including the optical 
coupling portion O, while having end surfaces P having a structure inclined relative to 
the substrate 31 at an end region except for the region including the optical coupling 
portion O. As the end surfaces P of the optical waveguide 30 have an inclination, the 
central region including the optical coupling portion may have an end surface than is 

10 recessed relative to the position inclined surfaces of the light blocking layer 34, as 
shown in Fig. 3, or a protruding end portion relative to the position of the inclined 
surfaces 34, as shown in Fig. 4. Due to the inclination of the surfaces of the light 
blocking layer, a subsequent process of forming the light blocking layer 34 on the end 
surfaces P can be easily constructed. 

15 The light blocking layer 34, which is formed on the inclined end surfaces P of 

the optical waveguide 30 at opposite sides of the region including the optical coupling 
portion O, serves to prevent undesirable light from entering the light receiving device 
35, such as a photodetector, through lower and lateral portions of the light receiving 
device 35. The light blocking layer 34 may be made of a metal film or mirror material, 

20 and the like. Where the light blocking layer 34 is formed at the opposite sides of the 
region including at least the optical coupling portion O as shown in Fig. 3, the optical 
coupling portion O of the optical waveguide 30 is recessed to have a groove relative to 
the light blocking layer 34. 
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Fig. 4 is a view illustrating the construction of an optical hybrid module 
according to yet another aspect of the present invention. Since this embodiment is 
similar in construction and operation to the embodiment shown in Fig. 3, only the 
differences will be explained in order to avoid the repetition of description. 
5 Differences b etween two a spects shown i n F igs. 3 a nd 4 are i n that a light 

blocking layer 44 is arranged so as to cover the whole upper surface of an optical 
waveguide 40 and the whole upper surface of a substrate 41, in addition to an inclined 
end surface of the optical waveguide 40, and in that an optical coupling portion O of 
the optical waveguide 40 is protruded from the light blocking layer 44. 

10 Fig. 5 illustrates a sub-step of a masking process that may be used in the 

manufacture of fee optical hybrid module shown in Fig. 4. Now, a manufacturing 
procedure of the optical hybrid module is explained in conjunction with Fig. 5. 

Referring to Fig. 5, after a core portion 52 and cladding portion 53 of an 
optical waveguide are formed on a silicon substrate 51, a hard etching mask 56 is 

15 patterned on a region requiring a vertical end surface, that is, on a region including an 
optical coupling portion O of the optical waveguide. Subsequent to the patterning, the 
inclined photoresist (PR) masks 57 are patterned on a region requiring an inclined end 
surface, that is, at the opposite sides of the region including the optical coupling portion 
O, using a grayscale lithography process. 

20 The determination of how the optical coupling portion O will be coupled to a 

light blocking layer in a subsequent process of forming the light blocking layer is made 
according to the position of the incHned photoresist masks 57. In other words, in a 
case that final positions of the hard etching mask 56 and inclined photoresist masks 57 
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are the same as each other as shown in Fig. 5, the optical coupling portion O has a 
protruded structure as shown in Fig. 4. However, in a case where the inclined 
photoresist masks 57 are positioned in front of the hard etching mask 56, the optical 
coupling portion O has a recessed structure as shown in Fig. 3. 
5 Next, through a dry etching process using the hard etching mask 56 and 

inclined photoresist masks 57, a portion under the hard etching mask 56 forms a 
vertical end surface, and portions under the inclined photoresist masks 57 form inclined 
end surfaces. In this case, since the end surface of the optical waveguide is variable 
according to the shape of the inclined photoresist mask and the degree of light 

10 exposure, it should be appropriately adjusted to achieve an inclined profile of the 
optical waveguide having a negative inclination. 

After the etching process has completed, the light blocking layer is formed by 
performing deposition of a metal film on the inclined end surfaces of the optical 
waveguide. Preferably, the light blocking layer extends onto a portion of the substrate 

15 on which a light receiving device is disposed, in addition to the inclined end surfaces of 
the optical waveguide. In addition, the light blocking layer may be formed over the 
whole surface of the optical waveguide and the whole surface of the substrate. 

Fig. 7a illustrates an application of the present invention. More particularly. 
Fig. 7a is a perspective view illustrating the construction of an optical hybrid module of 

20 the present invention. Fig. 7b is a side view illustrating the movement path of reflected 
light in the optical hybrid module shown in Fig. 7a. 

The optical hybrid module that is shown in Fig. 7a comprises a multi-layer 
thin film filter, which separates two lights, entering through an optical fiber 71 and 
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emitted from an optical source 72, according to the d ifference o f w avelengths there 
between. As shown in Fig. 7b, the optical hybrid module comprises a light blocking 
layer 75 formed on an end surface of an optical waveguide 74 at opposite sides of an 
optical coupling portion O. The light blocking layer 75 has an inclined profile with a 
5 negative inclination. 

Now, the operation of the optical hybrid module is simply described in relation 
to the movement path of optical signals. 

Referring to Fig. 7a, optical signals having a specific wavelength are permitted 
to enter through the optical fiber 71, and are guided through the optical waveguide 74, 
10 thereby reaching the multi-layer thin film filter 73 located at the opposite side to the 
optical fiber 71. The multi-layer thin film filter 73 is adapted to reflect only a 
predetermined wavelength. 

Therefore, if the wavelength of light entered through the optical fiber 71 is 
different fi-om the predetermined reflection wavelength of the multi-layer thin film 
15 filter 73, the light is transmitted through the multi-layer thin film filter 73, thereby 
reaching a photo detector 76. 

On the other hand, there can also be light that is emitted from the light source 
72, such as a laser diode, and having a different wavelength fi-om the light entering 
through the optical fiber 71, enters the optical waveguide 74 and is guided there 
20 through. Then, the guided light is reflected by the multi-layer thin film filter 73, 
thereby exiting to the outside through the optical fiber 71. In this case, as shown in Fig. 
7b, the light, transmitted downward in a substrate 77 and then reflected at the bottom 
surface of the substrate 77, cannot enter the photo detector 76 because it is shielded by 
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the light blocking layer 75. 

It should be noted that the light source 72 has a separate path from the optical 
fiber 71, such that the light from the optical fiber and from the separate light source 
enter the waveguide from separate paths. However, the light enters the optical fiber 
5 from a first path and exits the separate 1 ight source from a second path both travel 
through the waveguide and are incident upon the a multi-layer thin film filter 73. 

Although the preferred aspects and mode of the present invention have been 
disclosed for illustrative purposes, those skilled in the art will appreciate that various 
modifications, additions and substitutions are possible, without departing from the 
10 scope and spirit of the invention as disclosed in the accompanying claims. For 
example, in addition to a dielectric multi-layer thin film filter as stated above, a multi- 
mode interferometer (MMI) or directional coupler may be added. This is just one 
example of the modifications that can be made by the artisan. 

As apparent from the above description, an optical hybrid module according to 
15 the present invention comprises a light blocking layer formed on an optical waveguide 
at opposite sides of an optical coupling portion. The light blocking layer is formed to 
have an inclined profile with a negative inclination. Therefore, the optical hybrid 
module can achieve mass production thereof while minimizing crosstalk of optical 
signals. 

20 
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